
SmTmfmm, 1926 MONTHLY WEATHER REVIEW 378 

December to February _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
March to May _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
June to August _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
September to November _ _ _ _ _ _ _ _ _  - - - _ _ _ _  - - 

The average life of a center was found to be only about 
3 months and a certain number appeared suddenly one 
month and could not be traced the next. 

The movement as above indicated conforms rather 
closely with that of anticyclones that cross the north 
American Continent. 

The paths of centers of deficit were found to be less 
regular than those of excess, North America being almost 
free from centers of deficit amounting to the limit set in 
the study. , This agrees with the esperience of the present 
writer, who is of opinion, that the explanation is to be 
found in the dispersion of cyclones which obtains in 
North America. Mr. Brooks notes that a number of 
centers originate in the neighborhood of Newfoundland 
and move in an easterly direction. This also is in con- 
formity with esperience on this side of the Atlantic; 
I may offer the suggestion, howeve.r, that the explanation 
of the origin in the location named, may be found in the 
very marked increase in energy of many cyclones that 
pass from the cont,inent to the ocean over the Canadian 
Maritime Provinces. The pronounced contrast in air 
and water temperatures encountered in this region may 
be a factor in produc,ing the sudde.n imrease in energy 
and the associated low levels of pressure in cyclones that 
traverse that region. 

Finally the author discusse,s the use of the pat,hs of 
excess and deficit in their relation t,o forecast,ing the 
probable deviation from the noimal of the monthly 
pressure one month in advance. 

The study of the tracks of centers of excess and centers of deficit 
suggests a possible method of forecasting the deviation of pressure 
from normal for one month from a consideration of the distribu- 
tion during the preceding month by methods similar to those 

He says: 
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Employed in daily forecasting. Since the life history of a monthly 
center” does not occupy anything like no man months aa them 

are days in the life history of an ordinary anticycrone or depreamcm, 
and the monthly tracks, eapecially of centers of deftdt, are 6ven 
less regular than the day to day tracks of depressions, the proeem 
evidently requires a gread deal of care. 

In  order to estimate the chancee of euccess in a forecrrst beaed 
only on the movements of centera of excess or deficit, Table 3 haa 
been prepared, showing for each Beason for a number of arean the 
numbers of centers which (a) originated suddenly in the arm or 
(b) moved into the area from some other region. 

A center which moves into any region from outside, so long b 
it follows the normal track, would give a generally successful fore- 
cast; a center which appears in that r r n  with no previbus sign 
of its existence would give a failure. ence aa a preliminary h t  
of the possibilities of forecasts deduced from the traoks, unaided 
by any other consideration, we may take (b) as succesaea and (a) 
RS failures. This gives us the following frequency of successm 
and failures in Europe (Table 4) : 

TABLE 4-Probable result of monthly forecasts jor Europe 

I I  Successes Failures 

5 
1 
4 
2 

From this table we should expect a reasonable amount of succem 
in spring but doubtful results during other masons. EvidentIy 
mme improvement in the methods is required before long-range 
f0recastin.g from the movements of centers of pressure deviation 
can promise success. Forecasts based on the movements of centem 
of excess in general offer greater chances of success than tho& 
based on the movements of centers of deficit. 

P A R T  2 OF Q R E Q a ’ S  AEROLOGICAL SURVEY OF T H E  UNITED STATES 
RESULTS OF OBSERVATIONS B Y  M E A N S  OP PILOT BALLOONS 

By BURTON M. VARNEY $S/ .6 :  629./32./ 
c 73) 

Like Part 1 of the Survex, Part 2 has been issued as 
a SUPPLEMENT to the MONTHLY WEATHER REVIEW, 
No. 26,’ Part 1 having been SUPPLEMENT No. 20, dealing 
with “Results of Observations by Means of Kites.” 

resent SUPPLEMENT deals necessarily with free- 
air conlitions over the country east of the Rockies only, 
sufficient data not having as yet been accumulated from 
the remainder. The main pur ose of the paper being to 

such matters as the plannin of flight schedules, Mr. 

different wind directions and speeds a t  flyin levels, in 

tudes above those a t  which flying is commonly done. 
The information is classified under nine re ‘onal sections, 

of that ortion of the country in which one may he 
intereste8. The free use of graphs and charts makes it 
possible for those less concerned with statistical details 
to form a satisfactory picture of the average free-air 
conditions over the United States. 

Very briefly summarizing the salient points of the work, 
we have the followin,a: 

Average wind veloczlies i n  the free air.-At the surface 
these are hi hest as a rule in spring, while those of autumn 

country as a whole wind velocities approximately double 
from the surface to 500 m., which is about the level a t  

The 

supply data in a form that wil  P be useful to aviation in 

Gregg presents extensive tab P es showing frequencies of 

addition to the abundant data now availabe f for alti- 

an excellent arrangement which lends itse ff f to the study 

are closely 7 ike the average annual velocities. For the 
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which the gradient wind is reached. The increase is 
often much greater, especially at  night and in winter, 
and it is least in the daytime and in summer. In the 
nest thousand meters, little change of velocity, great 
irregularity, and often a decrease of velocity is the rule. 
Thence to the base of the stratosphere there is a gradual 
increase, except a t  southern stations in summer, where 
frequently there is almost no wind a t  any height within 
the range of observations. 

Diurnal variutwn in wind velocit.iRs.-The aathor 
rightly takes pains to emphasize the fact of the mvc~81(11 
of phase which takes place between the ground .and a 
short distance above it. The surface layer of air, char& 
acterized by the well-known afternoon maximum and 
early morning minimum of wind velocity, is exceedingly 
thin, only 50 to 100 meters and above that the diurnal 
change of velocity is exactiy reversed. At the Mrface 
the diurnal range is but.1 to 2 m. p. s.; a t  the level of 
the gradient wind it averages 2 to 4 m. p. s., but above 
that critical level i t  decreases to practical extinction at 
1,500 to 2,000 meters. 

Frequency of freeair w i n d s  of diflereni veloCii~s.-Expe- 
rience has shown that it is the winds of 10 m. WB. or 
more which must be reckoned with in planning wbrkeble 
flight schedules. It is therefore of interest to note that- 

At the surface the frequency of winds of 10 m. p. 8. or more is 
very small, averaging from 5 to 10 per cent, with a maximum 8~ 
a rule in spring and winter. There is no very marked variation 
in different parte of the country. 

A decided increaee occure immediately above the eurfsce * * * 
At “ordinary flying levels"-i. e., 600 t o  1,000 meters-winde 
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of IO m. p. E. or mom occur from 20 t o  25 per cent of the time 
in the Southern States and 40 to 45 in the Northern * * *. 
There igzr fairly large seasonal range, from about 20 in summer 
to 46 in winter, the aeasonal values as well as the annual being 
highest in the Northern States. Velocities of 20 m. p. 8. or more 
occur in general at these level8 less than 5 per cent of the time. 

At greater heights the  seasonal and latitudinal variations increase 
very decided1 aa well as the frequency of the higher velocities 
themeelwe. Por example, at 4 and 6 kilometers, winds of 10 
m. p. a. or more occur in the Northern States 45 per cent of the 
time in summer, 85 in winter * * *; in the Southern States 
except Florida the values are 35, 70 * * *, respectively. 

Relation of velocities in the free air to directions at the 
8.pwfacc.-After presenting the facts with regard to 
changes of wind direction with altitude (these are sum- 
marized €ater) it is pointed out that- 

The different directions at’the surface are associated with char- 
acteristic changes in velocity with altitude quite as definitely as 
with changes in direction * * *. 
From the surface to about 500 meters there is a large increase 

with all directions; it is greatest with south to southwest windy 
and least with north-northeast to east winds. 

At  higher levels lowest velocities are still found above easterly 
surface winds, particularly east-northeabt and east; highest veloc- 
ities, however, occur above west to northwest minds a t  2 kilometers 
and higher instead of above south to southwest * * *. 

The seasonal and latitudinal variation, small at  the surface, 
increases decidedly with altitude, the highest velocities and the 
nearest approach to a westerly direction occurring when and 
where the poleward temperature gradient, and therefore pressure 
gradient aleo, is strongest. 

Frequency of free-air winds from different directions.-For the 
year as a whole there is in general at  the surface comparatively 
little variation, although westerly winds are somewhat more fre- 
quent than are easterly, except during summer in Florida and 
southern Texas. There is also in all sections a seasonal swing 
from a slight preponderance of south component winds in summer 
to a similar preponderance of north component winds iu minter, 
with the single exception of the Plains States, in which southerly 
winds are more frequent than northerly throughout the year. 
For the most part calms are observed only about 1 to 2 per cent 
of the time * * *. 

There is in most parts of the country a pronounced swing above 
the surface to westerly directions as those of greatest frequency. 
This tendency i s  strongest in winter and increases with altitude 
in all seasons. For esample, in the Northern States west coin- 
ponent winds prevail at 4 kilometers 90 to 95 per cent of the time 
in winter, about 80 in summer, and 85 to 90 for the year as a whole. 
In the Southern States a west component is still strongly pre- 
dominant in winter, but much less pronounced in summer. In 
the extreme south-i. e., Florida and southern Texas-an east 
component is more frequent than a west at all levels in summer. 
Generally npeaking, a south component in the winds at upper 
levels mcum more frequently than a north component in the 
Southern States, whereas the opposite condition is found in the 
Northern States. 

Ths twning of the winds aloft.-As a result of the 
thousands of observations which have been collected, 
it is OOQ possible to set forth the estent to which free-air 
winds a t  various levels turn clockwise or counterclock- 
wise from the direction of the wind a t  the earth’s surface 
in detail commensurate with the importance of the sub- 
ject to the aviator. Wind direction a t  the surface is 
mthately connected with both direction and velocity 
aloft. The degree of consistency of these relationships 
is considerable. From the extensive tables presented 
m e  may easily take out the facts relative to turning 
of the winds up to 6 kilometers for each of 16 surface 
directions and for calms by seasons and for the year. 
Similarity in these relations over large areas fortunately 
makes it possible to treat them under groups for Northern 
Staha and Southern States instead of the nine groups 

used in the rest of the work. It is impracticable here to 
quote the many summarizing statements made by the 
author, concise as they are, with regard to the frequencies 
and the amounts of the two classes of turning aloft. 
We may, however, quote the summary of summaries: 

Taking a broad, general survey of the data presented * * * 
we find that those surface directions from which there is the largest 
deviation with altitude are in general also those which have the 
largest percentage frequency of turning, either to the right or t o  
the left. Thus, considering annual values, southerly winds show 
a t  4 kilometers a large deviation to the right and a very high fre- 
quency of clockwise turning; northerly winds, a large, though less 
decided, deviation to the left and a fairly high frequency of coun- 
terclockwise turning. Near the surface there is a similar consist- 
ency. In other words, to quote Doctor Meisinger, “The greatest 
average deviation occurs with the greatest reliability of turning; 
the least deviation occurs with the least reliability of turning.” 

Free-air resultant winds.-This final section of the 
paper is in some respects the most interesting of all. 
Here resultant velocities and directions for the country 
east of the Rockies are given on clear little maps, one 
series of which, particularly important because it deals 
with the usual flying levels, shows the facts for the surface, 
500 in. and 1,000 in. for the four seasons and for the 
year. From these maps can be clearly recognized the 
west component in the winds a t  all seasons a t  all three 
levels in the Northern States, and for the same region a 
marked increase in resultant speed aloft as the westerly 
component becomes stronger, the winter season showing 
this most strikingly. I n  the highest level (1,000 m.) the 
variations of resultant speed with season and with lati- 
tude are most pronounced. 

Of perhaps greater interest from the theoretical point 
of view is the series of maps portraying the summer, 
winter, and annual isobars and resultant wind directions 
and speeds a t  500, 1,000, 2,000 and 4,000 m. above sea 
level. Among the more striking features of this series 
are the following: 

In  summer over the region between the Mississippi 
and the Rockies, the persistence of south-component 
winds up to a t  least 2,000 meters and the decided change 
to westerly and northwesterly up to 4,000 meters over 
the northern part of that region. 

In suninier over the eastern United States (except 
Florida), the rapid weakening of the south component 
with increasing altitude and latitude as the resultant 
wind swings north of west, this being already accom- 
plished by the time 2,000 in. is reached. 

In  winter over the entire region (except Florida), the 
drift from westerly directions a t  all levels, with north 
component increasingly predominant the higher the 
latitude and altitude. 

Florida stands in a class by itself, with its resultant 
southeasterly winds a t  all levels in summer, a tendency 
which in winter, however, persists through the lower 
levels only; between 500 and 1,000 ni. in that season a 
shift to southwesterly has already taken place. 

The supplement closes with a brief discussion of the 
relations between the facts set forth in this section and the 
seasonal shift of the terrestrial pressure system, with 
special reference to the migration of the horse-latitude 
belt of high pressure and its southward dis lacement aloft 
relative to its osition at  the surface. IIP he results con- 
firm theoretica P conclusions reached by Shaw and others. 


